Résumé. 2014 Nous étudions l'importance des modifications des paramètres de liaisons fortes autour de défauts ponctuels dans les semi-conducteurs sur la structure électronique de ceux-ci Abstract -We study the influence of changes in the tight-binding parameters around point defects in semiconductors and we apply our method to study the various charge states of the vacancies and anti-site defects in GaAs. We take into account the changes in the hopping integrals between two nearest neighbours of a vacancy which arise from the lifting of the orthogonality condition between the orbitals of the removed atom and the orbitals of the neighbouring atoms. We take into account the changes in the hopping integrals between a substitutional defect and its nearest neighbours which arise from the differences between the orbitals of the substitutional defect and the orbitals of the substituted atom. Lastly, we take into account the changes in the energy levels of the nearest neighbours of a defect which arise from the electronic rearrangement around the defect We propose a systematic method to calculate these changes and we investigate their consequences on the electronic structure of the various charge states of the vacancies and anti-site defects in GaAs. We compare our results with other tight-binding calculations where these changes have not been taken into account
Introduction.
The tight-binding approximation is widely used nowadays to study defects in semiconductors. This approximation leads indeed to numerical programs relatively simple when compared with a priori methods like the local density approximation. The tightbinding approximation has nevertheless some intrinsic difficulties which arise from the fact that it is a semi-empirical scheme in which the electronic charge distribution is not self-consistently computed from the electronic potential. It is therefore impossible to calculate from first principles the modifications of the tight-binding parameters which are expected to arise around defects. We propose therefore in this article a systematic method to calculate the most important changes in the tight-binding Hamiltonian which occur around vacancies and substitutional defects in semiconductors and we discuss their influence on the electronic structure of the defects with application to the GaAs vacancies and anti-site defects.
Around a vacancy, we take into account the modifications of the hopping integrals between two nearest neighbours of the vacancy and the modifications of the energy levels of these nearest neighbours; these modifications are obviously calculated with respect to the values in the bulk crystal. When [6] which is in very good agreement with experimental data [7] and we turned off the spin-orbit coupling taking the average value between the two dispersion curves whenever necessary. We fitted then the energies of the valence bands and of the first conduction band at the L, A, r, A, X, U and E points. We tried several sets of parameters and we kept finally one with a limited number of parameters but which gave a fairly good agreement with the band structure of reference 6 and which gave only a very small charge transfer (0.1 e) between the Ga and As atoms.
In order to justify this limited number of parameters, we would like here to comment on the spirit of the tight-binding approximation. We These corrections increase noticeably the E integrals around the vacancies which in turn increase spectacularly the splitting between the vacancies levels (see Table II [15] and other point defects in Si [16] . The In order to compute these various charge states, one must face another difficulty of the tight-binding formalism namely the study of the charge transfers. We take here a very simple rule i.e. we assume that the vacancy and its first neighbours are a neutral cluster and that the s and p levels shift simultaneously; we call V the potential which must be added on the s and p levels of the neighbours of the vacancies in order to keep the neutrality. This condition of local neutrality has already been successfully used for the study of the charge states of the Si vacancy [ 17] and its validity will not be discussed here. We present in table III the position of the A, and T2 vacancies levels for their various charge states; we give also the value of the self-consistency potential V and the number of electrons in the T2 level. One notices that the vacancies levels move upward by 0.2 eV approximately each time an electron is added on the T2 level; this is the order of magnitude usually found in semiconductors. We turn now in the next section to the study of the antisite defects.
The antisite defects in GaAs.
As a first approximation, the perturbation associated with an antisite defect can be assumed to be localized on the defect site and to be equal to the difference between the diagonal energy levels for the two atomic species. The results obtained under these conditions are called first approximation in table IV where we give the A 1 and T2 energy levels for the Ga and As The foundations of such procedure have been outlined by P. W. Anderson [23] and have been largely developed by D. W. Bullet [24] who showed in particular that they provide acceptable valence bands [25] and even total bands [26] . It is nevertheless better to fit the elements of the Hamiltonian whenever possible. This is possible for the bulk crystal but not around defects.
